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====�=. ========�== == ==========================�==============================-=-====--=--=- =- = ================�==�======== ========�===-=-=--==--= -=-= ---------FOGS AND THEIR CAUSES. I by observers: (1) Dates as exact as possible, and returns By R A PROCTOR B A comparable with the hour of the commencement and end of . . , .  . the hailstorm, at various stations, and the area embraced by as would give us to understand certain minds systematically hostile to the Church, the hatred of science. To convince one's self of this, it is sufficient to notice with what JOY the discoveries of the learned Florentine were welcomed by the 
R.ev. Fathers Clavius, Griemberger, and Lembo, astronomers 
of the" Roman College," as well as by all who took an inter. 
est in the progress of science. Had the question always re­
mained within the domain of natural science it could have 
been always freely discussed. The system of Copernicus, far 
from being condemned, was first published. through the in. 
strumentality of Card. Schomberg, Bishop of Padua, and the 
Pope accepted the dedication to him. It is true that even 
then it was attacked by a certain number of Peripatetics, but 
many members of the clergy were its upholders. At that 
time it was an open question. The Copernican system was 
censured only when Galileo himself was condemned and the 
veritable reason of his condemnation we find in a letter Qf 
Cardinal Bellarmine, w ho had special charge of Galileo's caM: 
ON Monday, February 17, a very remarkable cloud passed the storm. (2) Mean and maximum dimensions of the 
over the western and southern parts of London. I do not ' hailstones, their form, the mean or maximurri number of 
remember to have ever before noticed a darkness so intense , layerS they exhibit, and whether these layers increase in 
III the daytime. Until about eleven the sky had been cover- thickness from the central nucleus towards the circumfer­
eO with the peculiar yellow-colored cloud which Londoners ence. (3) Apparent form and elevation of the hail clouds, 
are accustomed to recognize during the season of fogs . This and whether they exhibit the appearance of a great and con­
cloud gradually grew darker, until it became impossible to tinu0us gyratory movement, or merely movements of attrac­
read or write without using artificial illumination. Being then tion and repulsion; the n umber of flashes of lightning, and 
led to notice the sky, I observed that toward the north (my whether or not they are accompanied by thunder, and 
residence being south of the Thames) the sky was very 
I 
whether there are notable falls of hail, without apparent 
much darker, and that the increasing darkness was due to and we'll.-marked electric phenomena. (4) Mean tempera­
the gradual southerly motion of the overhanging pall' of ture of the air before 01' during an electric storm, and the 
clouds. From that time the darkness increased rapidly, un­
til shortly before noon it seemed as dark as on It moonless 
night, though doubtless part of the effect was due to con­
trast. Yet all the time there was very little fog. The air 
was hazy, but lights at a distance of two or three hundred 
yards could be well seen. 
Many were thus led to believe that the phenomenon' was 
not in any way connected with the ordinary fog of the 
metropolis, the so-called "London particular." In reality, 
however, there is no reason to doubt that the darkness was 
due to a fog-stratum a little above the level of the ground. 
The phenomena presented during a London fog are quite 
sufficient to explain even so reI;Ilarkabl� a darkness as pre­
vailed for about half an hour on the 17th inst. Those phe­
nomena are commonly misun derstood. Very few are aware 
how shallow, relatively, is the layer of fog which, while it 
continues to inwrap the city, makes even the crossing of a 
street dangerous, and suddenly puts an end to nine-tenths 
of the business movements of the metropolis. Indeed, a 
little consideration will show that if. a London fog were 
deep the whole citl must be plunged in darkness rivaling or 
surpassing that 0 midnight. In a true London fog the 
light of a street lamp is lost at a distance of four or five 
yards. and even the electric light would not penetrate more 
than twerJ�y yards or so. The light of the sun, which is, 
of course. pouring all the time on the outside of the fog 
layer, is in like manner absorbed by the dense fog; so that 
if the layer were forty or fifty yards in thickness, no light 
whatever could reach the streets. 
But even in the densest London fog absolute darkness 
does not prevaiL I do not think that any one can remem­
ber, even in the heart of the city, the occurrence of as deep 
a darkness during fog as prevailed on the 17th, when in the 
streets there was little fog. So that it is certain the fog 
layer cannot be at any .time very deep-it is generally, if not 
always, very shallow. I remember a case in which the 
shallowness of a really dense and heavy fog was well shown. 
During a fog which prevailed one Sunday morning in the 
south of London the darkness was for a while remarkable. 
Where railway bridges (of the usual breadth for a double 
service) crossed the road, it appeared as one approach, as 
though one were entering a perfectly black passage; Under 
such a bridge, and midway under the bridge, no light could 
be seen except where, toward either end of the covered way, 
a rectangle could be distinguished showing not quite 
black against the black autline of the bridge, the ground, 
and the uprights supporting the bridge. Yet from the upper 
windows of a rather )ligh house the clear sky could be seen. 
After a while the fog layer became shallower; and before 
long one could see from one side of a street the first floor 
windows of the opposite houses, not only quite clearly; but 
actually in sunlight, while the windows of the ground floor 
could scarcely be distinguished through the fog. 
Again. at the Greenwich Observatory, it is noticed that 
during the thickest London fogs the air is clear a short dis­
tauce above the tops of the houses. while often the roofs of 
the higher houses can be seen with perfect distinctness at the 
very time when the business of the streets is impeded by 
dense fog, and the gas is lit in streets, shops, and offices. 
There can be no doubt that the remarkable darkness on 
the 17th was due simply to a fog layer which lay above the 
houses, instead of enveloping them as usuaL An ordinary 
fog, reaching from the ground to a certain definite height, 
may be regarded as deprived of a part of its natural thick­
ness where the ground limits it. If we imagine such a layer 
gradually rising, either through some motion in the air, or 
(which, no doubt, is the more usual, if not the only possi­
ble, cause) through the gradual extension upward of those 
conditions of temperature, etc., on which the formation of 
the London fog depends, we can understand that the fog 
would grow in height without leaving the ground, until a 
certain maximum of thickness had been obtained. The 
further progress of the change would cause the fog to grow 
less dense, or to disappear at the ground level, while the fog 
layer would retain its thickness. In such a case there would 
be clear, or only hazy streets, and an impenetrable layer of 
fog overhead. The darkness would be much greater than 
in an ordinary London fog, because the thickness of the 
fog layer would be greater; and the darkness would seem 
all the more intense because of the comparative absence of 
fog in the streets. Such, no doubt, was the fog layer which 
overspread certain parts of London on the 17th. 
It should be noticed that, although in speaking of an or· 
dinary fog we may say that when such a fog has lifted from 
the ground it is a cloud, his would hardly be true in the 
case of a London fog, unless the word cloud is taken in a 
wider sense than is usual. For a London fog owes its pecu­
liar density in great part to the presence of small particles 
of soot, the familiar" blacks " of London and other smoky 
towns. Ordinarily these get dispersed by the movements of 
the air. But in the conditions favoring the formation of 
fogs, they help, in the first place--by radiating their heat 
away-to form the fog, and in the second place, becoming 
heavy with the moisture that condenses upon them, they are 
not carried upward by the warmer currents from the chim­
neys, etc., whence they are poured. So that we have a 
layer of fog and wet smoke, so to speak, the fog thicker, 
even as fog, than that which forms elsewhere, and the smoke 
rendereduenser by concentration.-Newcastle Ohronicle. 
STUDY OF HAILSTORMS AND THEIR ACCOM­
PANYING PHENOMENA. 
THE formation of hail, and the various causes which may 
contribute to this phenomenon, are very interesting, and, as 
yet, obscure questions of meteorology; and all the theories 
that have been proposed to account for it still leave much 
to be desired. Owing to this fact it will be well to collect 
together as many and as exact data as we can in regard to 
the principal phenomena, so that the problem may hereafter 
be more easily solved. M. Colladon, of France, who has 
given this subject much attention, and some of whose pa­
pers have already been brought before the French Academy, 
J;>roposes th� f{)llo�ing series of questions, to be answered 
T 
M. COLLADON'S APPARATUS FOR DETERMINING 
TH� TEMPERATURE OF RAIN DURING STORMS. 
temperature of the rain which accompanies it at the very 
moment of its fall. 
This temperature of the rain during the storms of sum­
mer is one of the interesting facts to ascertain. To this end 
M. Colladon has had constructed an inexpensive piece of 
apparatus which is very effective, and which is illustrated 
one·third natural size in the accompanying cut. It consists 
of a minimum thermometer, T T, bent like a carpenter's 
square, and fixed to a funnel whose axis is verticaL The 
thermometer is graduated at its upper horizonhtl part, and 
its lower portion passes through the funnel vertically, the 
bulb extending beyond .the lower opening and dipping into 
the small receptacle, P, which collects the rain. A net­
work, F, placed across the mouth of the funnel, protects 
the thermometer against breakage by the falling hailstones. 
GALILEO. 
"If it be proved to us as certain," says this great cardinal, 
I" that it is the earth which turns round the sun, and not the sun which turns round the earth, we are ready to adopt thi� 
opinion, and will agree that up to this we have not under· 
stood the Scriptures. But until such certain},proofs be pro­duced, it is our duty to hold to the traditional lllterpretation." 
(See M. Gilbert, "La Question de Galilee," Bruxelles, 
1877.) 
Now, Galileo was unable to furnish the" certain proofs " 
required by Cardinal Bellarmine and the Congregation of the 
Holy Office. By the motion of the earth he explained well 
enough the stations and retrogradations of the planets, the 
phases of Venus, and t.he principal celestial appearances, but 
this was by no means a physical demonstration of the reality 
of the hypothesis. It was sufficient to overthrow the system 
of Ptolemy, but did not suffice to blJild up that of Copernicus. 
Tycho-Brahe satisfactorily explained these appearances on 
the supposition that the earth was immovable. The princi­
pal proofs of the double movement of the earth are the devia­
tion of the plane of oscillation oLthe pendulum, the displac­
ing of the axis of the gyroscope, the deviation toward the 
east of a body falling from a certain height, the flattening of 
the earth at the poles, the existence of the trade winds, the 
aberration of light, the annual parallax of the stars, with all 
of which Galileo was unacquainted. But the most certain 
demonstration of all, for which Kepler prepared the way, 
and which was reduced by Newton to mathematical evidence 
in 1685, could not be made in 1615. A pretended proof based 
on the phenomenon of the tides was even made much of by 
Galileo; now, every one is aware that this phenomenon is 
in no way connected with the motion of the earth. 
II. We shall now pass to the consideration of Mr. Garri­
son's tale. 
He affirms that Galileo was driven from Pisa, "chiefly" 
by the priests, for having discovered and proved the laws of 
falling bodies. Now, Galileo was never driven from Pis a at 
all; we have said above why he left it himself to withdraw 
not to Florence, as says Mr. Garrison. but to Padua, where 
he obtained the chair of mathematics (June 26, 1592). 
Mr. Garrison afterward relates how Galileo discovered at 
"l<)orence "  (read Padua) the phases of Venus and the satel­
lites of Jupiter. He then adds: "Thus in a few months the 
To the Editor of the &ientijic American: doctrine of Copernicus, regarded as heretical in the highest 
In your number of February 15th I find an article entitled degree, was completely confirmed." 
"Galileo's Museum, Florence," taken from another review, We have already stated that the doctrine of Copernicus at 
the Pharmacist and O hemi8t, published by the College of that epoch was in no way condemned, a fortiori it was not 
Physicians, of Chicago. Mr. H. D. Garrison; author of the regarded as heretical. It was not till 1616 that the works of 
lette.r from which you quote a long extract, may be possibly Copernicus were prohibited, and it was in 1610 that Galileo a savant in pharmacy and chemistry; assuredly he is not of the published his discoveries. Moreover, these discoveries, as 
same competency in history. His letter is the fruit either of we have said, were far from furnishing a "complete con­
ignorance or of bad faith. I prefer believing him misin- firmation of the system of Copernicus. Here Mr. Garrison 
formed, for ignorance may sometimes be excusable, bad gives us reason to dOUbt
. 
not only of his proficiency in his­
faith never. I have neither the intention nor the leisure to tory, but also of his astronomical science. 
treat here at its full length the question of Galileo, still less I "The priests," continues Mr. Garrison, " were directed to is it my purpose to engage a controversy on a point of history oppose the doctrine, and did so at once from every pulpit of at preseJilt so fully established. I shall content myself with I Florence." 
giving the facts just as they appear from the authentic docu- The truth is that a certain number of priests, of their own 
ments. (These documents are: 1st. E. Alberi, "Opere Com· accord, denounced from the pulpit the doctrine of Galileo. 
plete di Galileo GaJiei," Firenze, 1842-46, 16 v. in-8vo. 2d. From the beginning, as we have said, Galileo had opposers, 
"Les Pieces du Proces de Galilee," publiees par H. de but he had admirers as well. 'ro quote but one authority, 
l'Epinois, Rome et Paris, 1877. Or 3d. 'Die Acten des Mgr. Augucchi, Secretary of Pope Gregory the XV., thu� 
Galilei'schen Processes." von Karl von Gebler, Stuttgart, wrote to him: "I am sure that with time every one wili ap. 
1877.) I shall then notice the principal errors laid down by prove what you advance." (See Opere, tome 8, p. 274.) Be. 
Mr. Garrison. sides priests were not alone among the adversaries of Galileo: 
I. Galileo Galilei was born at Pisa on the 18th of February, one of the most violent pamphlets directed against him wa� 
1564. After havillE completed a brilliant cour�e of study in from the pen of a Lutheran, Martin Horky. It was entitled, 
the monastery of Vallombrosa, he was named at the age of 25 "Peregrinatio contra N uncium Sidereum." 
professor of mathematics in the university of his native city. "The arguments used by them generally ran about as fol­
For at least five centuries before this epoch the works of Ans- lows: All things were made for man, and nothing was made 
tot.le formed the basis of all sciences. By nature a great ob- in vain. But the satellites of Jupiter not being visible are 
server, Galileo was not slow to discuss and refute the scientific useless, and therefore do not exist." 
doctrines of the" Master." Protestations were immediately I can't say whether this argument be authentic or not. At 
made; and partly to escape the storm, partly to gain a higher all events, it is false that this was a summary of the attacks 
position, Galileo solicited and obtained a place as professor made bl the Peripatetics. An individual may have peen 
of mathematics in the University of Padua. Here it was that guilty 0 such an absurdity. but can it be just to make all re­
he constructed his telescope and discovered the satellites of sp6nsible for the ravings of one? It would be like judging 
Jupiter (March, 1610). This discovery was greeted with the of the merits of the Chicago P harmaci8t and Ohemi8t by the 
applause of all the most learned men of the time, the greater extract quoted from it by the SCIENTIFIC AMERICAN. 
part of whom were members of the clergy, religious, bishops, "In vain did the old philosopher explain and beg them 
cardinals. It was then that the Grand Duke of 'Tuscany (his enemies, the priests) to look for themselves. His adver­
called Galileo to Florence, and conferred on him the title of saries, well illustrating the adage that' None are so blind as 
" First Professor of Mathematics and Philosophy," freeing those who will not see,' would listen to nothing but renuncia­
him, however, from the care of teaching. The learned Flor- tion and denial of the alleged discoveries." 
entine continued, by his attacks against the doctrines of Aris- I Hear Galileo himself, writing from Rome: "I am favored 
totle, to irritate certain minds. With a view to defend them. by a great number of cardinals, prelates, and other great per· 
selves, certain Peripatet.ics, quitting purely scientific ground, son ages, who have wished by themselves to verify my ob­
invoked texts of Holy Scripture that seemed to condemn the servations, and are in admiration of them." (See Opere, tome 
new system. Galileo in his turn wished to interpret the 6, p. 157.) And the Rev. Father Clavius, first astronomer of 
sacred text. Once placed on religious ground, the question the Roman College, wrote to Galileo, some months after the 
was liable to be deferred to the Congregation of the Holy publication of his discoveries, that he had himself seen the 
Office, which in reality took place. new planets, and added: "Verily, your lordship deserves 
At length Galileo, cited to appear, was condemned to a great praise for having been the first to observe them." 
solemn retractation of his pretended errors and t.o perpetual (Opere, vol. 8, p. 120.) Once more: It was not for having 
confinemen t. This latter sentence was at once commuted by discovered and upheld the existence of the satellites of Jupi­
the Pope, and Galileo was allowed to pnss the remainder of ter that Galileo was condemned. 
his davs in his country house of Arcetri, near Florence, After having related to us the executIOn of the sentence 
where 'it was ever permitted him to see his friends and to pronounced against the great astronomer. Mr. Garrison adds: 
continue his scientific labors. It was here that, at the age of "Although his prison was his own house at Arcetri, a few 
77 years 10 months and 20 days, he gave up his great soul miles out of Florence, still he was not permitted to leave it, 
to God on the 8th of January, 1642. even to attend church or to secure medical advice at Florence, 
To this brief sketch we will add two remarks: nor was he ever permitted to see his friends until after he be-
1st. The Congregation of the Holy Office made a mistake, came blind, when this permission was graciously accorded." 
it is true; but that in no way attacks the infallibility of the To this fable history replies: 
Roman Pontiff. The Congregation has always been looked 1st. He was never hindered from going to church as often 
upon as a private tribunal essentially fallible, though its de- as he �anifested the desire. (See" La Question de Galilee," 
cis ions, like those of other tribunals, have force of law from par H. de l'Epinois, p. 183, Paris, Palmi, 1878.) " 
a disciplinary point of view. This is what Mr. Karl von 2d. He was not allowed, it is true, to go himself to Flor­
Gebler, though a Protestant, was just enough to aeknow- ence, but he was always at liberty. to call in medical aid to 
ledge in his work, "Galileo Galilei und die Romische Al'cetri. (See" Les Pieces du Proces," op. cit., p. 135.) 
Curie," Stut.tgart, 1876_ 3d. Always, and at all times, his friends had access to him; 
2d. The reason for which Galileo was condemned was not, the only restriction was, that a great number of them should 
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